Objective: As the veteran population ages, the incidence of clinically significant aortic stenosis (AS) is increasing and aortic stenosis has become a veterans' health issue. This analysis focused on using serum Brain Natriuretic Peptide (BNP) levels as an adjunct to aid decision making for early aortic valve replacement (AVR) in veterans with severe AS to reduce hospital admission rates. Methods: We retrospectively reviewed the charts of patients referred to the heart valve clinic at the Washington DC, Veterans Affairs Medical Center (VAMC) Heart Center between 2004 and 2015 who were diagnosed with severe AS. We identified veterans who had a BNP drawn in addition to traditional echocardiography during their diagnostic workup. This cohort was then stratified based on their serum BNP levels and whether they received medical therapy or aortic valve replacement. The primary endpoint of interest was admission to a VAMC for valvular heart failure. Results: Univariate analysis of BNP quartile and operative status showed a reduction in number of admissions for veterans who underwent AVR with BNP between 101 and 300 (0.64 vs. 3.71, p = 0.054) and 301 and 1000 (1.36 vs. 4.0, p = 0.003) compared to veterans treated medically. There was no difference in number of admissions for veterans with BNP lower than 100 (p = 0.455) or higher than 1000 (p = 0.659). Conclusion: BNP may be a useful adjunct for selecting patients with AS for earlier AVR leading to lower rates of hospital admissions in the veteran population. Continued analysis in a larger cohort will be needed to further validate the utility of BNP stratification as a diagnostic tool to risk stratify patients with AS in a heart valve clinic.
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Introduction
B-type natriuretic peptide (BNP) is a 32-amino-acid molecule which acts as a biomarker reporting damage to cardiac myocytes. BNP is released from damaged myocardium in the setting of ventricular distention or tension [1] , or myocardial ischemia [2] and is correlated to adverse outcomes following both cardiac [3] and non-cardiac surgeries [4] . Expanding on our previous work that evaluated BNP as a variable in preoperative surgical risk stratification, this analysis compares aortic valve replacement (AVR) versus medical therapy for patients with aortic stenosis (AS) based on BNP grouping.
Current recommended from the American Heart Association and the Ameri- [2] . The AHA/ACC also recommends that AVR should be considered for asymptomatic patients with critical AS (defined as aortic Vmax ≥4 m/s) and low surgical risk, patients with severe AS with decreased exercise tolerance or exercised induced drop in blood pressure [2] . However, despite the detailed structural guidelines for patients with AS, clinical judgement is still heavily relied on identifying patients who would benefit from AVR, and best therapy decided by a heart valve team.
This analysis focused on the novel use of BNP as an additional biologic diagnostic metric in patients with severe AS. We hypothesized that increased BNP levels would correlate with increased disease related hospital admissions in the medically and surgically managed AS groups. However, given the structural nature of AS, early AVR would help reduce hospital admissions when compared to veterans with AS managed medically. Establishing the utility of BNP for selecting those who would benefit from early AVR could potentially reduce healthcare costs and decrease morbidity related to readmission to the hospital for AS and heart failure related to AS.
Methods
An institutional review board-approved retrospective review was performed for Veterans treated for AS at the Heart Valve Clinic 
Results
Our inclusion criteria identified 75 male veterans who were treated at the cardiac valve clinic who also had echocardiographic data and a serum BNP as components of their initial HVC workup. Veteran grouping based on serum BNP was equal between medical and surgical arms (Table 1) . Those in the medical group were slightly older (76 vs. 71, p = 0.025), had a higher rate of coronary disease (44% vs. 22%, p = 0.041), had a higher rate of chronic obstructive pulmonary disease (24% vs. 7%, p = 0.049) and had a higher rate of congestive heart failure (24% vs. 5%, p = 0.018). Veterans in the surgical group had symptomatic aortic stenosis, and a higher incidence of diabetes (54% vs. 32%, p = 0.066). Other reported preoperative factors were similar between groups (Table 2 ). Echocardiographic imaging studies (Table 3) indicated that veterans in the surgical group had more advanced aortic stenosis compared to the medical group: aortic valve There was a significant reduction in hospital admissions following AVR for veterans in the 101 to 300 (3.71 vs. 0.64, p = 0.054) and 301 to 1000 (4.0 vs.
1.36, p = 0.003).
Discussion
This analysis adds credence to a strategy that utilizes BNP as a biologic diagnostic metric to identify veterans with severe AS who would benefit from early AVR versus continued medical management. While AVR is indicated for the treatment of symptomatic severe AS, the treatment asymptomatic severe AS remains controversial. Biologic objective diagnostic metrics could supplement the existing guidelines put forth by the ACC/AHA regarding the treatment of AS by helping further stratify candidates for surgical valve replacement. We believe that BNP could be considered for inclusion into the next iteration of the ACC/ AHA guidelines for the treatment of AS because of its nature as a harbinger for loss of ventricular compensation [9] and proven track record as a prognostic indicator for negative outcomes following medical or surgical management. Historically, changes in structural metrics were considered the gold standard for progression of aortic stenosis, however, as study into cardiac physiology has progressed biologic markers have become readily available and may provide a more predictive measure of disease progression [10] [11] . Amongst the available biomarkers, BNP (normal level less than 100) and NT-proBNP (normal level less than 1000) [12] have been recognized as a strong prognosticator for morbidity and mortality associated with AS and AVR [3] [13] [14] [15] [16] . Between these two natriuretic peptides, NT-proBNP is considered by some to be a more sensitive marker for heart failure [17] potentially in part because of its longer half-life Univariate analysis between BNP quartile and operative vs. medical treatment on number of re-admission to a VAMC for aortic stenosis or heart failure related to aortic stenosis following the initial heart valve clinic appointment. Note the significant decrease in hospital admission for patients undergoing early surgical therapy with BNP values between 101 and 300 trending to significance and the significant decrease in admissions in the 301 to 1000 group. No significant reduction in admission was seen with lower or exceedingly high serum BNP values. World Journal of Cardiovascular Surgery compared to BNP (25 to 75 minutes vs. 20 minutes for BNP) [18] . NT-proBNP has also been validated as a prognostic marker for adverse outcomes in patients with heart failure [19] . Given the time frame of our study, BNP was chosen as the metric for stratification however we are currently in the process of migrating to NT-proBNP as well to help guide treatment of severe AS in our veterans.
These results confirm our initial hypothesis that veterans with severe AS and BNP between 101 -300 or 301 -1000 treated with early AVR have fewer hospital admissions for aortic stenosis or related heart failure following their initial HVC evaluation compared to those treated medically. While the decrease in hospital admissions is statistically significant, we recognize that there are differences in the medical and surgical cohort that may influence these results. Patients in the medical cohort were older and had higher rates of CHF disease, COPD and diabetes. Conversely, patients in the surgical cohort had higher rates of CAD, and had symptomatic AS. Given the retrospective nature of this analysis, it is difficult to assess the impact of these comorbidities on our primary outcome. It is also important to note that our cohort only included male veterans treated by the HVT. Some of the bias injected by the differences in cohorts is mitigated by only including hospital admissions related to aortic stenosis or heart failure related to aortic stenosis.
Another important distinction between the medical and surgical cohorts is the difference in echocardiographic metrics. Aortic valve area, max gradient, mean gradient and aortic jet velocity were more severe in the surgical cohort. As a result, there was likely more cardiac remodeling in the surgical cohort prior to AVR which may not have resolved after the pathologic aortic valve was replaced.
Despite these limitations, this analysis provides a stepping stone for subsequent studies focused on the additive benefits of BNP as a diagnostic biologic metric to aid the management of severe AS managed by a HVT [8] . In select patient with asymptomatic severe AS or functionally limited moderate to severe AS who also have an elevated BNP or NT-proBNP, this analysis suggests a reduction in future hospital admissions for AS related heart failure with early AVR versus non-operative management. Moreover, in clinical scenarios where functional testing is not reliable in gauging symptomatic severe AS, BNP or NT-proBNP may help guide therapy for either early aortic valve replacement. Based on this analysis, we have changed our practice to offer early AVR for veterans with severe AS and an elevated BNP and recommend that other surgeons strongly consider early AVR under similar circumstances to help reduce hospital admissions for heart failure in this population.
Conclusion
Veterans with aortic stenosis and a BNP between 100 and 1000 may have fewer admissions to the hospital for aortic valve pathology when treated with early aortic valve replacement compared to similar veterans managed non-operatively.
A continued analysis in a larger cohort would be beneficial to further validate
